plots were a foliar application of B. bassiana and an untreated Riba, 1984; Marcandier and Riba, 1986; Lewis and Bing, control. The split plots were corn hybrid, Bt transgenic corn (Jeremy event 802) and its near-isoline (an experimental hybrid with B73 ϫ Mo17 background 
Statistical Analysis
studies. Whole plot treatments (10 m in length) consisted of corn seeds soaked for 3 min in an emulsifiable formulation Data were analyzed with analysis of variance using the of B. bassiana containing 2.1 ϫ 10 8 conidia per ml or a 0.4 g General Linear Model procedure (GLM) with the B. bassiana foliar application of a granular formulation of Mycotech 726 treatment as the whole plot and genetic makeup of the corn containing 8.8 ϫ 10 7 conidia per plant and an untreated control. as the split plot. The effects of each treatment on endophytism Plants were treated on 16 June when they reached V6 stage levels were analyzed and means separated using Student's of development. Harvests over time served as the split plot. t-test at P Յ 0.05 (SAS Institute, 1995) . Endophytism data
The two different application techniques for B. bassiana were were analyzed separately for the two granular applications for performed to confirm results found in the greenhouse and to each plating date and pooled over all plating dates.
test for any adverse effects on plant growth due to granular B. bassiana application to V-stage corn. Sampling of plants began 42 d after planting at which time the corn had reached 1997 Studies the V7 growth stage. Sampling of plants was conducted every Greenhouse 2 wk for 16 wk. Plants were selected from the center two rows of each four row plot on each of eight sample dates. Plants The experiment was a randomized complete block design within 0.1 m of the beginning and end of each plot were not with four replications and a factorial arrangement of the four sampled to eliminate any effect that the alleyways may have lines of corn (Pioneer 34R06 event MON810, and Ciba Max had on plant growth. The remaining 9.8 m of row in each of 454 event 176, and their genetic isolines Pioneer 3489 and Ciba the center two rows of the plot were sampled approximately 4494, respectively) and three seed treatments: seeds soaked in every 1 m in succession along the length of the plot. One plant a 0.1% tween and distilled water suspension of B. bassiana was selected from each of the center two rows that was evenly (2 ϫ 10 10 conidia per ml), seeds soaked in sterile 0.1% tween spaced with the adjacent plants. The distance from the selected and distilled water, and unsoaked seeds. Seeds were soaked plant to the two adjacent plants was measured and divided for 10 min, placed on sterile filter paper, and air-dried under by two to determine the amount of row space that the selected a bioflow hood. The dry seeds were placed into sterile packets plant occupied. The selected plant was cut at the soil surface and taken to the greenhouse for planting. The unsoaked seed and its height measured from the base to the longest outwas taken directly from the commercial bag and also placed stretched leaf or tassel. Plants were folded and placed into a in sterile packets before planting. A replication consisted of plastic bag and returned to the laboratory for processing. ten seeds of each hybrid planted into individual 10 cm plastic Plants were held in a cold room at 4ЊC until processed. pots containing sterile vermiculite. Pots were watered at plantLeaf blades were removed at the junction of the sheath and ing and thereafter when the surface of the vermiculite was blade. Sheaths were circumcised at their base around the stalk. dry to touch. After the first week of plant growth, pots were As the plants matured and developed ears, the ears and ear fertilized weekly with liquid soluble fertilizer (N-P-K, 20-20-shoots were removed. The husk, shank, and silks were sepa-20). Conditions in the greenhouse were maintained at photorated from the cob and kernels. The leaves, sheaths, stalks, period 14:10 (L:D), 80% RH, and 27ЊC during the day and ears, and husk were placed in a brown paper bag. Bags con-21ЊC at night.
taining the fresh material were weighed. Samples were placed Emergence was recorded 1 wk after planting and weekly for five weeks. Plant heights were measured beginning the in a drying oven for a minimum of 4 d at 57.2ЊC or until they reached a constant dry weight. After drying, the samples were 4.4, N ϭ 8), R1 (TransgenicϪX ϭ 21.9 Ϯ 9.9, N ϭ 8;
reweighed to obtain the dry weight and calculate dry matter levels between the B. bassiana application and the genetic makeup of the corn for samples taken at R1, R6, or senescence (Table 1) . Results of pooling all sample
RESULTS
dates resulted in the same overall trends with no signifi- IsolineϪX ϭ 10.0 Ϯ 5.3, N ϭ 8). There were no signififive weeks (Table 3 ). There were significant differences in plant growth due to seed treatment within three of cant interactions in endophytism levels between the B. bassiana application and the genetic makeup of the the hybrids (Table 3) . Endophytism levels within each hybrid did not vary significantly between treatments. corn for samples taken at V12, R1, or R6 ( Table 2) . Results of pooling all sample dates for the V6 applicaNo disease causing organisms were observed on roots in any of the treatments. tion resulted in the same trends with no overall significant difference between B. bassiana applications, plant types, or a plant type ϫ B. bassiana interaction.
and 1995 Field Studies

Field Studies
Application of B. bassiana at R1 alone in 1995 did
There were no differences in whole plant dry weight, not result in a significant difference in endophytism dry sheath weight, dry leaf weight, dry stem weight, dry levels when plants were sampled at R6 (TreatedϪX ϭ husk weight, dry ear weight, or in the dry leaf-to-stem 17.5 Ϯ 9.6, N ϭ 8; CheckϪX ϭ 50.0 Ϯ 9.3, N ϭ 8), ratio between B. bassiana treatments. There were also early senescence (TreatedϪX ϭ 25.0 Ϯ 10.5, N ϭ 8; no hybrid ϫ B. bassiana treatment interactions in whole CheckϪX ϭ 32.5 Ϯ 12.5, N ϭ 8), or dry down plant dry weight, dry sheath weight, dry leaf weight, dry (TreatedϪX ϭ 42.5 Ϯ 12.2, N ϭ 8; CheckϪX ϭ 37.5 Ϯ stem weight, dry husk weight, or in the dry leaf-to-10.9, N ϭ 8). Genetic makeup of the plant also played stem ratio. There was a significant hybrid ϫ B. bassiana no significant role in the levels of endophytism observed treatment interaction in dry ear weight when analyzed when samples were taken at R6 (TransgenicϪX ϭ over all harvest dates (F ϭ 4.54; df ϭ 6, 18; P ϭ 0.006). 35.0 Ϯ 11.2, N ϭ 8; IsolineϪX ϭ 32.5 Ϯ 11.2, N ϭ 8), However, when the plants reached physiological matuearly senescence (TransgenicϪX ϭ 30.0 Ϯ 13.1, N ϭ 8; rity at harvest dates seven and eight, there was no longer IsolineϪX ϭ 27.5 Ϯ 9.9, N ϭ 8), or dry down (Transa significant interaction between B. bassiana treatment genicϪX ϭ 42.5 Ϯ 12.8, N ϭ 8; IsolineϪX ϭ 37.5 Ϯ and hybrid when harvest dates seven and eight are 10.3, N ϭ 8). There were no significant interactions in combined. endophytism levels between the B. bassiana application and the genetic makeup of the corn for samples taken Table 3 . Mean (ϮSEM) plant height (cm) at week three and the at early senescence or dry down (Table 2 ). There was, applications, or between plant types but a significant Seeds germinated 9.8 Ϯ 0.3a 9.5 Ϯ 0.3a 9.5 Ϯ 0.5a 9.8 Ϯ 0.3a plant type ϫ B. bassiana interaction (F ϭ 6.68; df ϭ 1, 
Greenhouse Studies
bassiana (2 ϫ 10 10 conidia per ml) for 10 minutes; unsoaked -seeds not soaked and planted directly out of seed bag; water -seeds soaked in a There were no significant differences in the total numsterile 0.1% tween suspension for 10 minutes.
ber of germinated seeds between treatments in Pioneer ‡ Treatment means of plant height and seed germination from a hybrid with the same letter are not significantly different P Յ 0.05.
3489, Pioneer 34RO6, Ciba 4494, or Ciba Max 454 after 14.14, N ϭ 4) and the treated isoline (X ϭ 50.0 Ϯ 10.0, bassiana was not significantly different between hybrids, N ϭ 4) having significantly higher percentage endophybut was significantly different between B. bassiana aptism levels than the treated transgenics and the unplication methods (F ϭ 6.58; df ϭ 2, 6; P ϭ 0.03). Seed treated isoline. Although the differences were signifitreatment with B. bassiana resulted in a significantly cant, they show that transgenic plants are as well suited larger percentage of the plants forming an endophytic to form an endophytic relationship with B. bassiana as relationship compared with untreated plants (Table 4) . nontransgenic corn. While B. bassiana application did The overall percentage of plants with endophytic B.
not generally increase the percentage of plants with an bassiana among all hybrids increased steadily from no endophyte, the intensity of the endophytic relationship endophyte present on the first two harvest dates to may have been greater in the treated than the untreated Ͼ35% of all of the plants collected endophytic at harvest plants (Bing, 1990) . eight. The percentage of endophytism increased in a Greenhouse studies demonstrated that seed treatsimilar fashion for each hybrid individually, although ment with B. bassiana had no detrimental impact on there was a drop during the time of seed formation (Fig. seed germination or seedling growth, and did not result 1). Levels of endophytism did not drop at the same in the formation of root disease. These results were harvest date, but a decline occurred during one reproconfirmed when plants were allowed to grow to maturity ductive stage or another in all hybrids. The decline ocunder field conditions with no significant differences in curred during harvest 6 for Ciba 4494 (R5, dent stage), plant growth between B. bassiana treatments for any of harvest 7 for Max 454 (R5, dent stage), harvest 5 for the hybrids. There were no ill effects of a B. bassiana Pioneer 3489 (R4, dough stage), and harvest 4 for Pioseed treatment on transgenic corn or their isoline. Seed treatment did result in a significant increase in endoneer 34RO6 (R3, milk stage). 
